males, equaled or exceeded the 90th percentile, a value frequently associated with higher cardiovascular risk. These results indicate the urgent need to reduce abdominal obesity, an important indicator of the metabolic syndrome, in Kuwaiti adolescents.
Introduction
In the USA, the number of overweight children doubled and the number of overweight adolescents trebled between 1980 and 2000. The prevalence of obese children aged 6-11 years has more than doubled since the 1960s. In a 2002 study, obesity prevalence in adolescents aged 12-17 increased dramatically from 5 to 13% in boys and from 5 to 9% in girls between 1966-1970 and 1988-1991 in the USA [1] . Similar increases in overweight and/or obesity occurred in other countries, i.e. Spain, UK, Australia, etc. In Australian children, for example, obesity tripled between 1985 and 1997 [2] . Recent evidence from a 2008 USA study suggests that while the prevalence is still alarmingly high, the rate of increase in child and adolescent obesity may be slowing [3] . Worldwide, an estimated 22 million children under the age of 5 years have been estimated to be overweight. The problem is global and increasingly extends to the developing world [4] .
There is considerable evidence that the antecedents of cardiovascular diseases (CVDs, particularly obesity) begin in childhood and continue to progress through adolescence into adulthood [5] [6] [7] [8] . Obesity is correlated with atherogenic lesions in adolescents and young adults. Children with greater adiposity and who have higher cholesterol values are more likely to have elevated risk as adults [8, 9] .
Kuwaiti citizens enjoy a high standard of living that includes free education and medical care, among other amenities. The discovery of oil in the 1950s brought dramatic changes in living standards, including changes in lifestyle, diet and changes to the physical environment. Some of the diet and lifestyle changes have resulted in increases in chronic diseases associated with overweight and obesity, such as heart diseases, diabetes and cancer. A recent study suggests that the metabolic syndrome (MS) is present in 36.2% of adult males and 36.1% of adult females [10] .
In 2004, Badr [11] found that 44% of a sample of Kuwaiti high school adolescents were overweight or obese. In 2003 in a large household survey of 7,609 apparently healthy Kuwaitis aged 15 years and older, Olusi et al. [12] found that 23.5% of the sample was obese. In 2009, El Bayoumy et al.
[13] studied total obesity in a sample of 5,402 adolescents by calculating BMI and found that 29.3% of boys and 32.1% of girls were overweight and 14.9% of boys and 14.2% of girls were obese.
There is a paucity of studies of obesity in Kuwait, particularly studies that have examined abdominal obesity. The World Health Organization raised concern about the distribution of body fat, since excess fat in the abdominal area both in children and adolescents [5] [6] [7] [8] [9] and adults [14] seems to be more highly correlated with hyperlipidemia, CHD risk factors, type 2 diabetes, and other comorbidities than is overall obesity [10, 14, 15] . Abdominal obesity is one of the indicators of the MS, a cluster of indicators believed to increase the risk of CVD and type 2 diabetes mellitus [10, [16] [17] [18] .
Although waist circumference (WC) is an accepted measure of abdominal obesity and has been shown to be highly correlated with diabetes, even in some adolescents [5, 7, 17] [19] . This is important since available epidemiological data reveal that chronic disease, especially diabetes mellitus, is a leading cause of morbidity and mortality in Kuwaiti adults [10] and abdominal obesity is an antecedent that begins even in childhood and adolescence [5] [6] [7] [8] [9] . In children, body fatness changes with maturation during the child and adolescent years. In addition, during maturation, boys and girls have different patterns of body fatness. These differences necessitate different anthropometric cutoffs by age and gender.
The development of age-and gender-specific WC percentiles is necessary both for population and clinical screening purposes, as their use can draw attention of the public health and clinical communities to serious excesses (e.g. values 6 90th percentile) in central obesity.
This research sought to ascertain the prevalence of abdominal obesity (measured by WC) in adolescent boys and girls. We also sought to develop new WC percentile tables and charts for Kuwaiti adolescents for use in this age cohort.
Subjects and Methods
Kuwait is oil rich and is located at 30.27°N and 48.46°E. Iraq borders Kuwait to the north and west, The Kingdom of Saudi Arabia is to the south, and the Arabian Gulf forms the eastern border. The total population numbers 2,691,158; however, 1,291,354 of that number (about one-half) are non-nationals [20] . Kuwait's infant mortality rate is 8.9, and the life expectancy at birth is 77.7 years. The 2008 per capita income was USD 57,400, making it one of the wealthiest countries in the world [20] .
We studied 4,219 healthy Kuwaiti adolescent boys and girls who were attending various secondary schools throughout the country. The sample consisted of 11.0-to 18.9-year-old students, was broadly representative of students between the ages of 11.0 and 18.9 years of age, and was drawn from all 6 geographical regions of the country, as part of the 2006 Kuwait Nutrition Surveillance Program (KNSP). The study protocol was reviewed and approved by the Kuwait Ministries of Health and Education, and the study was conducted after obtaining written consent from the parents of the school children. The KNSP has been described in detail elsewhere [15, 21] , but briefly consists of yearly data collections of hemoglobin concentrations, weights, heights, cholesterol values and several sociodemographic variables. The Kuwait Nutrition Surveillance system is designed to continuously monitor the nutritional health status of different Kuwaiti population groups and to provide data as an instrument of policy formulation and health intervention evaluation for health workers and decision makers. The KNSP data are collected on Kuwaiti citizens.
Identifying background information including age, grade, and locality (governorate) of residence were collected onto structured questionnaires. Trained and experienced field researchers measured weights (to nearest 0.1 kg) and heights (to nearest 0.1 cm), using World Health Organization protocols.
WCs were measured at the midpoint between the top of the iliac crest and lower part of the last rib. The 90th percentile of WC is a cutoff value that is commonly associated with increased risk for comorbidities in adults [18] . It is a value that is used to represent risk in various populations for different anthropometric variables. So we used the 90th percentile as putative evidence of increased risk for these adolescents.
Descriptive (means and frequencies) and inferential statistics were calculated for various background variables. A p value of ^ 0.05 was taken to be significant.
In order to develop smoothed WC percentile curves and tables for Kuwaiti adolescents, we used the LMS regression technique of Cole and Green [19] recommended by the International Obesity Task Force and calculated using the software program Chartmaker Pro (Institute of Child Health, London). In this method, the percentile value for each of the standardized WC thresholds was calculated and smoothed by using LMS regression [19] . The LMS method involves summarizing percentiles at each age on the basis of Box-Cox power transformations, which are used to normalize the data. The final percentile curves are the result of smoothing three age-specific curves, termed lambda (L), mu (M), and sigma (S). The L, M, S curves describe the skewness, median, and coefficient of variation of the distribution of WCs at each age [19] . Statistical analyses were performed with SPSS (version 15.0, Chicago, Ill., USA).
Results
This study was conducted on 4,219 healthy Kuwaiti adolescent boys (n = 2,157) and girls (n = 2,062) who were enrolled in various secondary schools throughout Kuwait.
The mean age of the boys was 15.0 ( 8 2.0 year) years, compared with 14.9 ( 8 2.2 year) years for the girls. The mean weight and height of the girls were 57.1 kg and 1.55 m and those of the boys 64.9 kg and 1.63 m, respectively.
Abdominal obesity (WC) was correlated with students' age and grade level. Mean WC of adolescent boys and girls by age are given in table 1 . It also shows the percent of boys and girls who have WC 6 90th percentile of the distribution, a value commonly associated with increased risk for comorbidities in adults [18, 19] . The mean WC of both boys and girls tended to increase with age. The mean WC of boys was consistently higher than those of the girls at each age. From age 12.0 years onward in our sample, there were greater percentages of boys than girls with WC 6 90th percentile. At some ages (e.g. 15.0-15.9 and 17.0-17.9 years), the percent of boys above the 90th percentile exceeded 30%. Overall, the percent of adolescents who exceed the 90th percentile increased with age in boys, but not in girls.
Age-and gender-specific smoothed WC percentiles for boys and girls by age are given in table 2 . Percentile values for boys are consistently higher than those for girls at each percentile level and at each age; that is, within each age level (from 11 to 18 years) boys had higher WC percentiles than girls. Boys also displayed higher smoothed percentiles than girls at each percentile cutoff value (from the 5th through 95th percentile), as shown in table 2 . NCEP ATP III has set cutoffs for adult WC that reflect increased risk of comorbidities. For males, the cutoff is 102 cm and for females it is 88 cm [18] . As table 2 shows, at 6 90th percentile the average WC of Kuwaiti girls in our study exceed 88 cm at every age at and above 13.0 years. Similarly, Kuwaiti boys exceeded the 102 cm WC threshold, on average, at every age at and above 13.0 years. Kuwaiti girls exceeded the 88-cm threshold at every age at the 95th percentile of the smoothed WC percentiles, while boys exceeded the 102 cm threshold at most ages.
The smoothed WC percentiles for 11.0-through 18.9-year-old Kuwaiti adolescents are shown in figures 1 and 2 , respectively. The percentile chart of WC values for boys was higher and steeper than that for girls.
Discussion
There is growing evidence to suggest that obesity is highly correlated with the subsequent development of comorbidities [17, [22] [23] [24] and that children and adolescents who are obese and who have larger WC are at higher risk for the development of later chronic disease than are those without obesity or who have lower or normal WCs [5] [6] [7] [8] [9] . There is also evidence that abdominal fat differs among different ethnic groups, making assessments based on a single international waist cutoff inappropriate for all groups [18] . Thus, it is important for screening and assessment purposes to develop and use WC percentiles developed within various ethnic groups. This is the first report of smoothed WC percentile tables and curves for Kuwaiti adolescents 11-19 years of age.
The mean WCs were higher in boys than in girls at every age. These results were similar to those found for Canadian [25] and American adolescents [26] where boys also had greater WCs at every age than girls. Moreover, for most ages, the percent of boys who were at or exceeded the 90th percentile was consistently greater than that of girls. In most cases, two to three times greater percentages of boys, compared to girls, equaled or exceeded the 90th percentile value.
Compared to published WC measurements in adolescents of other countries (e.g. in Canada, America, and Australia), our results show that Kuwaiti adolescents have among the highest percentages of abdominal adiposity [26] for all American children and adolescents (which included European-Americans, African-Americans and Mexican-Americans) from age 11.0 through age 14.9 years. Kuwaiti boys also exceeded the combined American values at each age between 11.0 and 17.9 years of age. Only at age 18.0-18.9 did values in American boys exceed the values in Kuwaiti boys. Similar findings have been reported when total obesity was studied among Kuwaiti adolescents. In a 2008 report, Al-Isa and Thalib [27] found that Kuwaiti children were heavier (had larger BMI averages) than American children of similar ages (10-14 years).
According to the NCEP definition of the MS, a value of 88 cm is used as a cutoff for risk of developing obesityrelated conditions for adult women [28] . Kuwaiti adolescent girls exceeded this value at each age 6 14 years. Only the 11-to 13-year-old girls had a WC lower than that value. For adult men, a WC of 102 cm is suggestive of the MS. Again, only the 11.0-to 13.9-year-olds were below this value. All those 6 14.0 years of age exceeded this value. In boys, the trend for the WC values was to increase from 14.0 years up through 17.9 years of age. Since the incidence of CHD is higher in adult males than females, the early development of abdominal obesity seen in this study, starting at age 14 years in both boys and girls, is of concern.
Prior to this study, no WC references existed for Kuwait or other Gulf Arab countries. However, since many Kuwaitis have the same ancestry as other Gulf Arabs, particularly those in Saudi Arabia, these smoothed percentiles may also be helpful as a first step in exploring abdominal obesity in other Gulf countries [27] .
Conclusions
Mean WCs were higher in males than in females at every age. In most cases, two to three times greater percentages of males, compared to females, equaled or exceeded the 90th percentile, a value frequently associated with higher cardiovascular risk. These results indicate the urgent need to reduce abdominal obesity, an important indicator of the MS, in Kuwaiti adolescents.
